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I NTRC'DU CTI ON 
The glbberellin (GA) family of phytohormcnes promotes 
the growth of many dwarf plants. The stems of GA-treated 
plants In some respects are similar to those of dark grown 
plants, i.e., they typically have thin and elongated inter- 
ncdes. Leaves and roots, in contrast, seldom respond to 
GA although the foliage of treated plants is usually of a 
lighter green color than that of the controls. GA-oromoted 
stem elongation is the result of an enhanced rate of both 
cell division and elongation, and apparently is dependent on 
protein, RNA, and DHA synthesis. Other phytohormcnes (auxins 
end kinins) stimulate nrotein synthesis and RNA formation 
J r 
but GA appears to be unique in promoting DNA formation. The 
auxins have been implicated in stem growth, but the GA 
phytohormcnes are unique in that they alone of the phyto- 
hormones known to date elicit a several-fold increase in 
stem elongation. 
Brian and Hemming (1958) suggested that the growth of 
pea internodes is normally regulated by a three-factor system; 
auxin, inhibitor and a hormone with physiological orooertles 
similar to GA. Nevertheless, despite intensive investi¬ 
gation of the glbberellins since their discovery over 30 
years ago and the recent discovery that they promote DNA 
formation, the specific, metabolic responses to GA which 
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result in the promotion of stem elongation remain obscure* 
A number of observations suggest that GA somehow affects 
phenolic metabolism. The accumulation of lignin, which is 
an end-product of phenol metabolism and a constituent of the 
cell wall, has been reported to be promoted by GA. It also 
has been reported that darkness had an inhibitory effect 
and light stimulated the lignification of plants. These 
observations raise some interesting questions. First, how 
does GA promote lignin accumulation? Second, since ligni- 
fication is supposed to occur after growth ceases and lig- 
nified cells are not considered readily extensible, what is 
the relationship of GA-promoted lignification to GA-promoted 
growth, if any. The_purppse_of... the present experiments was 
to study the possible effects of light and GA on growth and 
lignificatlon. 
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LITERATURE REVIEW 
It is now generally recognized that GA promotes stem 
elongation. This enhanced elongation is the result of an 
increased rate of both cell division and expansion (Sachs, 
Bretz & Lang, 1959), although GA-promoted cell elongation 
can occur without concomitant cell division (Haber and 
Pcard, 1963). There is, however, little definitive infor¬ 
mation regarding the metabolic reactions involved in cell 
elongation and the role of GA in this process. 
v 
Brian and Hemming (1958) suggested that GA might neu¬ 
tralize an inhibitory system in the shoot which prevented the 
internode from extending to the full extent potentially 
allowed by the available auxin. Kuralshi and Muir (1964a) 
reported that GA increased the diffusible auxin in dwarf and 
normal peas by a factor of three and two-fold, respectively, 
over the level obtained from untreated plants. Gckerse and 
Galston (196?) recently reported that GA and 3-indoleacetic 
acid applied to excised stem sections of green dwarf peas 
resulted in a markedly synergistic growth response. Further, 
these authors claimed that the GA action preceded the auxin 
action in this system. 
Kuraishl and Muir (1964b) suggested that the increase in 
diffislble auxin in dwarf peas following treatment with GA 
did not involve the inhibition of TAA oxidase, the rate of 
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auxin transport, a decrease,In the amount of a growth inhib¬ 
itor or the formation of a GA-auxin complex. Instead, these 
authors claimed that the mechanisms whereby diffusible auxin 
increased as a result of GA treatment involved the increased 
production of water soluble auxin by the tryptophan conversion 
system. Kuraishi and Muir interpreted their observations as 
evidence that the increase in auxin was not a result of GA- 
stimulated elongation since no synerigism was found between 
IAA and gibberellin in the Avena curvature test. 
Light inhibits the stem growth of all plants. All 
varieties of peas reach approximately the same size in darkness, 
but in light, the growth of dwarf plants is reduced much more 
than that of tall plants (Gorter, 1961). The height of tall 
peas is related to the logarithms of light intensity under 
white light conditions. In contrast, dwarf plants are more 
sensitive to the light Intensity. In yellow light, tall peas 
show no growth reduction and no response to higher light 
intensity, but "yellow-etiolation1* at lower light intensities 
while the height of dwarfs is reduced by all light intensities. 
GA counteracts the light reduction. According to Gorter (1961), 
Intact plants of all varieties of peas treated with saturating 
-quantities of GA grow to the same height. Sale and Vince 
(I960) found that the light inhibition of pea Internode 
elongation was partly but not completely prevented by the 
application of large doses of GA. Although elongation 
following the application of GA was greater in the light than 
in the dark, Interncde lengths In the light with GA treatment 
were on all cases less than these of plants grown In the dark 
with GA. Dwarf pea internode elongation was inhibited most by 
red light while tall peas were inhibited by both red and blue 
light. Infra-red light largely reversed the Inhibitory effects 
of red light but there was no apparent interaction between GA 
and infra-red light, although both promoted internode elongation. 
That GA promotes enzyme activity was clearly demonstrated 
by the studies of Paleg (I960) and Varner (1964). The release 
of reducing sugar from excised barley endosperm was wholly de¬ 
pendent on an exogenous suoply of GA which induced the de novo 
synthesis of an 5-amylase in the endosperm (Varner, 1964). The 
apparently specific dependence on GA for t2-amylase production 
may be unique to barley endosperm. In wheat endosperm GA promot¬ 
ed ^-amylase activity, but amino acids were equally as effective 
(Rowsell and Goad, 1964). The activities of a number of different 
hydrolytic enzymes have recently been reported to be promoted 
by GA (Murakami and ^ayashi, 1963, Black and Altschul, 1965). 
The relationship between the activities of these enzymes and 
cell elongation is not clear, however. 
Evidence is accumulating that the three known families 
of phytohormones: auxins, kinlns, and glbberellins, promote 
nucleic acid synthesis (Key, 1964, and Srivastava & Ware, 1965). 
Ram and Varner (1965) reported that GA stimulated the synthesis 
of a salt-soluble RNA fraction in the aleurone cells of barley. 
Actinomycln-D completely inhibited the GA-stimulated incorpora¬ 
tion of labelled precusor into RNA. 
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Recent work by Lang's group (Nitsan and Lang, 1966) Indicated 
that GA-premoted cell elongation Is dependent on a GA-promoted 
DMA synthesis. 
Several different families of chemicals are effective 
plant growth retardants (Cathey, 1964). Examples of these 
retardants are: Phosphon-D (2,4-dichlorobenzyltributyl, 
phosphonium chloride), CCC (2-chloroethyl trimethylammonium 
chloride), and AMO-1618 (4-hydroxy-5-isopropyl-2-methyl- 
phenyltrimethyl ammonium chloride, 1-piperdine carboxylate). 
Morphologically, they cause plants to develop with relatively 
short internodes, thick stems and dark green leaves (Sachs 
and Lang, 1961 and Cathey and Stuart, 1961). Cathey and 
Stuart applied AHG-1618, Phosphon-D, and CCC to many species 
of plants. They found that CCC reduced stem elongation more 
than did ?hcsphon-D or AKO-1618. Phosphon-D oroduced per- 
* 
manently chlorotic lec?ves, whereas CCC produced only temporary 
chlorosis. AMO-1618 had the least effect on leaves. Species 
differences in responce to the various retardants were also 
noted. In the case of Phaseolus vulgaris olants treated with 
AKO-1618, maturity was delayed by approximately a month but 
the formation of viable seeds was not affected. .The inhibitory 
factor responsible for the reduced stem elongation was trans¬ 
located into the seeds, but its action was considered non- 
genetic because this effect did not persist beyond the second 
generation. (Marth, Preston and Mitchell, 1953)* 
GA on the other hand, causes most plants to grow in a 
manner opposite to that induced by these retardants, and, 
when applied with the retardants to whole plants, completely 
-7- 
overcomes their Inhibitory action (Cathey, 1964). 
Kuraishi and Muir (1963) reported, that CCC and Phosphon-D 
retarded the growth of Avena coleoptile sections and these 
retarding effects were net reversed by GA. Knypl (1966) 
found that IAA and coumarin reversed, and klnetin markedly 
reduced, the retarding effect of CCC on the growth of sun¬ 
flower hypccotyl sections. GA was without any effect in this 
respect. Phosphon-D at lOppm slightly stimulated growth in 
the control, but markedly reduced both IAA and coumarln- 
induced growth (Knypl, 1966). Halevy and Cathey (I960) 
-3 
reported that AMO-1618 at 10 K inhibited the elongation of 
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dark- and light-grown bean seedlings. AMO-1.618 at 3*10 M 
drastically inhibited radicle elongation of cucumber seedlings 
but in this system GA did not reverse the inhibitory action 
of AMO-16l8• The presence of AMO-1618 and Phosphon-D in the 
incubation medium did not enhance or deoress the GA-induced 
reducing sugar released from excised barley endosperm (-aleg 
et el, 1965)* Sachs and Lang (1961) reported that one of the 
major functions of GA was to control mitotic activity in the 
subaDical meristems and thus increased the length of the olant 
stems. Tn contrast, AKO-1618 decreased mitotic activity. The 
authors concluded that GA modified the effects of AKO-1618 
in the subapical meristems but they did not speculate on the 
interactions of these chemicals in cell elongation. 
It is now well documented (Baldev, Lang and Agatep, 1965 
and Harada and Lang, 1965)» however, that GA will reverse the 
inhibition induced by AMO-1618 in intact plants. Convincing 
evidence has appeared in the past few years which indicate 
that these growth retardants inhibit gibberellin biosynthesis. 
-8- 
Baldev, Lang and Agatep (1965) reported that AKC-1618 at 5- 
50-ppm inhibited production of all glbberellin-like mat¬ 
erials in excised pea seeds (in nods) -without appreciably 
reducing the growth of the seed, They concluded that the 
developing pea seed is dependent on only a fraction of the 
gibberellln synthesis at this stage. Kinetic analysis 
Indicated that these growth retardants interacted competitively 
with glbberellins by partially blocking the biosynthesis 
of GA required for normal growth. Harada and Lang (1965) 
reported that application of AMC-1618 to the gibberellln 
producing fungus Pusariurn monlllforme greatly suppressed 
biosynthesis of GA without affecting growth of the mycelllum. 
The metabolism of C -C -C compounds (anthocyanins and 
636 
flavonols) is influenced by light and by GA, (Furuya and 
Thlmann, 1964). In some systems light appears to antagonize 
the effect of gibberellln on anthocyanln formation. Puruya 
and Thimann indicated that light at 300 ft-c. stimulated 
-7 -6 
anthocyanln production. GA at 10 to 10 M Inhibited an- 
thocyanin production about $0% when Spirodela was grown 
either in darkness or under ^00 ft-c. for 20 days. However, 
at these concentrations, GA slightly stimulated anthocyanln 
production the first 10 days but had little effect on fresh 
weight. Under 800 ft-c., GA had little effect on anthocyanln 
content. The gibberellln was presumed to be affecting an— 
thocyanin production at an early stage of its biosynthesis 
since GA and red light had similar effects on other 
C -C -C flavonols. 
636 
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Troyer (1964) found that light promoted anthocyanin 
production hut the light requirement was not absolute. The 
age of the seedling, the length of exposure to light and the 
supply of exogenous sugars were all factors in the amount 
of anthocyanin accumulated by excised segments of buckwheat.. 
Downs and Siegelman (1965) reported that a Mgh energy photo¬ 
reaction (HER) is required for anthocyanin synthesis in many 
plants. The photo receptor for the HER was claimed to be 
chlorophyll b on the basis of action spectra studies. 
Kogl (I960) reported that GA at a concentration of lOOug 
per ml promoted a 3-fold Increase in the content of three 
pclyhydroxy phenolic acids in pea plants. These acids were 
shown to be ferulic acid, caffeic acid, and chlcrcgenic acid. 
Perulic acid was the most important quantitatively and 
increased the most in response to GA. 
A recent report by Walton (1966) is of interest. This 
author found that the axis growth of Phase plus vulgaris plants 
was stimulated by p-fluoro-DL-phenyalalanine while ^3-2-thienyla- 
lanlne had an inhibitory effect. At 5xlO”^H concentration 
p-fluoro-DL-phenylalanine always increased the fresh weight 
in comparison with the controls. The stimulation by p-fluoro- 
DL-phenylalanine was essentially reversed by L~phenylalanine 
but not by tyrosine. Presumably the effect of p-fluoro-DI- 
phenylalanine was on cell elongation. Nevertheless, Nooden 
and Thimann (1966) indicated that fluorophenylalanine had 
an inhibitory effect in some plant tissues. The Inhibitory 
effect of flucrophenylalenine on grov/th is generally attributed 
to reduced enzymatic activities resulting from the replacement 
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of phenylalanine by fluoroohenylalanine In proteins (Richmond, 
1962)• In higher plants, however, phenylalanine Is also a 
metabolic intermediate fcr other types of compounds; ie. 
phenols, coumarlns and flavonoids. Therefore, the effects of 
fluoroohenylalanine on plant growth may be complicated by its 
effects in these metabolic conversions of phenylalanine. 
Furuya and Thomas (1964) reported that in etiolated pea 
plumules low intensity red light stimulated both leaf growth 
and the production of an IAA oxidase inhibitor which contained 
Kaempferol-3~trlglucoslde (KG) and Kaempferol-3-trlglucosyl- 
p-coumarate (KGC)• Red light promoted the growth rate of 
etiolated Alaska pea plumules and increased the concentration 
of KGC, but had only a slight effect on KG. Far-red reversed 
the red-promoting effect but the increased growth rate and 
KGC concentration were not directly correlated to the 
phytochrome response. The authors argued that red light 
may stimulate many processes in the cell, two of which ore 
growth and Kaerapferol-3-triglucoside-p-coumarate synthesis. 
Cell wall biogenesis presumably is associated with cell 
extension. Lignin, a terminal product of phenol metabolism, 
is an integral part of some plant cell walls and is considered 
to confer rigidity upon stems. Lignin is chemically an 
illdefined polymer of phenylpropanoid compounds. The site 
of lignin synthesis probably is either in the cell wall 
per 8e. or in cytoplasm tightly bound to the wall (Stafford, 
1965). As mentioned in the introduction, lignification is 
thought to occur in mature cells after extension has ceased 
(Stafford, 1967). 
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The phenylpropanoids, phenylpyruvic acid and p-hydroxy- 
phenylpyruvic acid are the first aromatic products formed 
via the shikimic acid pathway to be converted to lignin in 
plants (Brown and Neish, 1955a). Carbon-labelled phenyl¬ 
alanine, tyrosine and cinnamic acid were efficiently 
utilized for the synthesis of both coniferyl and sinapyl 
lignin while ferulic acid was efficiently converted only 
to coniferyl lignin in heading wheat (Brown and Neish, 
1955"b) • Hlguchi (1962) found that L-phenylalanine, 
p-hydroxycinnamic acid and ferulic acid were good 
precusors of the coniferyl lignin of Plnus cambial tissue 
and concluded that the cambium contains the enzyme system 
necessary for their metabolism to lignin. McCalla and 
14 
Neish (1959) administered C -labelled phenylalanine to 
cuttings of Salvia solendens and isolated radioactive 
p-coumarlc, caffelc, ferulic and slnapic acids from the 
14 
stems. Measurement cf the rate of incorporation of C 
into each acid agreed with the sequence of reactions; 
phenylalanine -) cinnamic acid -£ p-coumaric acid —9 
ferulic acid -9 sinapic acid. This sequence was confirmed 
by feeding cinnamic acid and each of the other acids 
separately; there was ready conversion to later members of 
the sequence and a relative slight conversion to earlier 
members. Higuchi and Brown (19^3) recovered labelled 
14 
coniferyl alcohol from wheat plants to which ferulic acid—C 
had been administered. Labelled conlferaldehyde was also 
recovered In all experiments and its specific activity was 
invariably higher than of coniferyl alcohol. This finding 
-12- 
suggested the sequence; ferulic acid —> conlferaldehyde —7 
conlferyl-alcohol. The scheme presented In figure 1 sum¬ 
marizes the proposed pathway of lignin biosynthesis in 
higher plants, as suggested by Brown, Wright and Neish, 1959, 
and Brovm, 1961 and 1964, Many of the compounds shown in 
flgurela are naturally occuring metabolites but none has 
been established as an obligatory intermediate in lignin 
biosynthesis. 
The presence of ester linkages in lignin was first 
reported by Smith (1955)* Kuc and Kelson (1964) recently 
carried out kinetic studies on the formation of ester link¬ 
ages with p-coumaric acid and ferulic acid using maize 
tissue; they found that the content of p-ccumaric acid and 
ferulic acid rose rapidly from the time of planting and then 
declined rapidly until maturity. El-Besyouni, Neish and 
14 
Towers (1964) administered to wheat shoots C 0 and various 
14 2 
C labelled lignin precussors Including ohenylalanlne, 
tyrosine, cinnamic acid, p-coumarlc acid, ferulic acid and 
14 
sinapic acid. They found that labelled C 0 , ohenylalanlne 
2 
and tyrosine were incorporated more readily into the cinnamic 
acid bound to the insoluble residue than into ethanol soluble 
derivatives. In contrast, the reverse was true for labelled 
percussors such as cinnamic acid, p-coumaric acid, caffeic 
acid, ferulic acid and sinapic acid. Time course studies 
14 
with labelled C 0 suggested the sequence CO —^ aromatic 
2 2 
amino acids —7 ethanol insoluble derivatives of cinnamic 
acid —^ lignin. On the basis of their observations they 
concluded that the natural route to lignin from CC may involve 
2 
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the formation of "active Insoluble esters* (ethanol Insoluble 
plant residues) from phenylalanine and tyrosine whereas the 
administration of salts of the free acids may lead to the 
formation of "soluble esters* also capable of conversion to 
lignin. These esters were oostulated to be sulfurhydryl 
esters, perhaps of coenzyme A type. The following scheme 
was proposed as a working hypothesis for the role of esters 
in lignin formation (El-Basyouni, Neish and Towers, 1964): 
CC-> 
2 
-phenylalanine —« 
^tyrosine " 
active insoluble esters —lignin 
^ t 
insoluble esters<-soluble esters 
t 
p-hydrcxycinnamic 
cinnamic acid-► acid 
Very little is knovm about the enzymolcgy of llgnlfication 
or the control mechanisms involved. Koukol and Conn (1961) 
first demonstrated the existence in plants of phenylalanine 
ammonia lyase which converted L-phenylalanlne directly to 
cinnamic acid. Grasses possess in addition to phenylalanine 
ammonia lyase, tyrosine ammonia lyase which converts tyrosine 
to p-hydrcxycinnanic acid (Keish, 1961). 
Phenylalanine ammonia lyase is a key enzyme in phenol 
biogenesis (Zucker, 1965). In the potato tuber the formation 
and amount of chlerogenic acid was proportional to the activity 
of the ammonia lyase (Zucker, 1965)* Interestingly, in this 
tissue, the enzyme was light-induced. Examples are accumu¬ 
lating for the importance of the ammonia lyases in ohenclic 
metabolism. There was a pronounced increase in the activities 
of phenylalanine and tyrosine ammonia lyases during llgnificaticn 
-15- 
of bamboo shoots (Higuchl, 1966). The pattern of the 
activity of the enzymes was observed to be highest In the 
upper part of the tissue where the most active llgnlficatlon 
was talcing place. Also, the amount of cinnamic acid derivatives 
in the tissue was found to be In good accordance with the 
activity of the enzymes. 
Young and Ileish (1966) also reported that acetone pow¬ 
ders prepared from wheat shoots contained ammonia lyases 
which catalysed the conversion of a number of rings sub¬ 
stituted phenylalanine derivatives to corresponding cinnamic 
acid compounds. L-phenylalanine was the most effecient 
substrate deaminated. L-phenylalanine ammonia lyase was 
relatively stable and had a broad substrate soeciflcty 
whereas L-tyroslne ammonia lyase was less stable and fairly 
specific fcr L-tyrosine, (Young and Xelsh, 1966). 
Only one other enzyme specifically implicated in phenol 
boisynthesis has been reported. Tn an unconfirmed observation 
Nair and Vinlng (1965) reported a cinnamic acid hydroxylase 
which converted trans cinnamic acid to p-coumaric acid. The 
enzyme, which was obtained from spinach chloroplasts, required 
tetrahydrofolic acid and reduced phosphate dinucleotide as 
coenzymes. 
The control mechanisms in lignificatlon remain obscure. 
l4 
Preliminary experiments by Stafford with C -labelled compounds 
indicated that a primary block may be at the level of 
deamination of phenylalanine and tyrosine. Also, according 
to Stafford (1967), there appeared to be a regulatory control 
that prevented the cells of the cortex from becoming lignified 
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in the excised first internodes of Phleum. Stafford (1967) 
suggested that flavoprotein enzymes may be responsible for 
tne production of hydrogen peroxide which is believed required 
for lignification and also for the hydroxylation reactions 
involved in the interconversions of the various hydroxylated 
intermediates. Activities of peroxidase, polyphenol oxidase 
and ascorbic acid were also supposed to control lignin poly¬ 
merization. 
Darkness is reported to have an inhibitory effect on 
lignification. Evidence has been found that the controlling 
factor in lignification of the fibre walls is the illumination 
received by plants. Ishikawa and Takaichi (1957) suggested 
that light intensity and quality, the concentratlon of CO 
and the activity of peroxidase are all limiting factors of 
lignin biosynthesis in young plants. Bean plants grown in 
yellowish-light had the highest lignin content, whereas 
dark grown plants had less than half the lignin content 
found in plants grown in white light, ~n addition, yellowish 
light also Increased shikimic acid, phenylalanine and tyrosine 
content and peroxidase activity. However, the amount of 
starch, shikimic acid, phenylalanine and tyrosine increased 
proportional to the concentration of CCg* 
Swain (I960) suggested that light probably promoted the 
linking of Cp units or promoted the linking of the and C7 
moieties to produce the flavonoid compounds. Both of these 
reactions probably involved Coenzyme-A intermediates. 
Synthesis of simple phenol derivatives (C^-C^, C^-C^ 
and C^) from the shikimic acid pathway apparently did not 
-17- 
have a direct light requirement (Weinstein, Porter & Laurencot, 
« 
1961). A light requirement may exist prior to shikimate, 
but this may be related to the necessity for carbohydrates 
formed in photosynthesis. Nevertheless, chlorogenic and 
caffeic acid synthesis are markedly stimulated by light in 
sliced potato tubers (Zucker, 1963), although Stafford (1967) 
found that there was no detectable light effect on lignificatlon 
in excised Internodes of Phleum. 
Auxin may be involved in the control of lignificatlon. 
The polymerization of eugenol by Piodea extracts was Inhibited 
-4 
by 10 M IAA, which inhibited completely peroxidase catalyzed 
oxidation (Stafford, 1965). Siegel (195^) suggested that 
high levels of auxin (4x10 M) in rapidly elongating organs 
would suppress peroxidase activity and hence lignin 
deposition but with declining auxin concentration accompanying 
maturity, lignlflcation would be increased (Siegel, 1953 and 
I960). Stafford (1965) considered that two possible inter¬ 
related mechanisms controlling lignlflcation in intact tissue 
/ 
of Phleum are the level of caffeic acid esters and the level 
of IAA. Ascorbic acid and glutathione were also postulated 
to act as anti-oxidants in the lignificatlon of plants. 
The enhanced lignlflcation observed in the presence of . 
kinetin may result from a stimulation of carbohydrate meta¬ 
bolism- (Bergman, 1964) • Under the influence of the adenine 
moiety of kinetin, an increased formation of adenine ohosohates 
could lead to conversion of hexoses via sedoheptulose ohosohate 
to aromatic metabolites Rt the exoence of carbohydrate 
The increase in lignin parallelled 0 general metabolism. 
18- 
increase in the metabolisn of phenylpropanoids. Bergman 
(1964) postulated that kinetin stimulated shikimic acid 
synthesis and thereby promoted phenylprcpanoid metabolism. 
i 
Koblitz (1964) also found that kinetin increased the percentage 
of lignin in the cell wall of cultured carrot tissue. The 
proportion of methoxy groups and nitrogen content in lignin 
was also stimulated by kinetin. GA induced a large lignin 
formation in this tissue which was suppressed by I'-amlnobutyric 
acid (Koblitz, 1964). 
Among synthetic growth substances 1, 4-naphthoquinone 
and 2, 4-dlchlerophenoxyacetlc acid (2, 4-D) stimulate lignin 
formation. GA also promoted lignin accumulation. The 
stimulation caused by GA was depressed by maleic hydrazide, 
but theherbicide had no effect on 2, 4-D promoted llgnifica- 
tion (Parups, 1964 and Gauthert, 1963). 
Some observations by Stafford (1965) suggested that 
10~^M IAA inhibited lignin production. Neither kinetin nor 
GA, at a physiological concentration, singly or in combination, 
reversed the IAA inhibition. It was also noted (Stafford, 1967) 
that the accumulation of lignin was parallelled by an increase 
in alkaline sensitive esters of p-hydroxy cinnamic acid, 
ferulic acid and sinapic acid, and by flavin coenzymes, 
especially flavin-adenine dinucleotide. There was, however, 
no detectable evidence of competition for substrate with other 
phenols such as anthocyanin. 
No investigation has been found about the effects of any 
of the growth retardants on lignification of higher plants. 
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Materlals and Methods 
Seeds of dwarf green peas (Pisum sativm L., cult. 
» 
Improved Laxton1s Progress) and tall green peas (cult. Tall 
Telephone) were obtained from Stokes Seeds, Limited, St. 
Catharines Ontario, Canada. Gibberellic acid, 84.1^ K salt, 
was supplied by Eastman Kodak Company* 4-Hydroxyl-5-isopropyl- 
2-methylphenyltriraethylammonium chloride 1-piperidine car- 
boxylate (AMO-1618) and (2,4-dlchlorobenzyltributyl, phos- 
phonium chloride) (Phosphon-D) were obtained from Rainbow 
Color and Chemical Company, Northridge, California and 
Virginia-Carolina Chemical Corporation, Richmond, Va., 
respectively. L-phenylalanine and glutathione was purchased 
from Sigma Chemical Co., and ammonium sulfate, enzymological 
grade, and Bovine albumin, from Mann Research Lab Inc. 
Trypsin was purchased from Worthington Biochemical Co. 
Growth rate studies: 
Green house studies: These experiments were done in 
the green house during the summer, prior to obtaining growth 
chamber facilities. Pea seeds were germinated in Vermlcullte 
in the dark. After 8 to 10 days germination, 10 seedlings 
were transplanted into soil in 8 inch plastic pots which were 
then placed in the greenhouse. The transplanted seedlings 
were treated with different concentretions of GA, AMO-16l8 
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and Phosphon-D by pouring 200ml of each solution directly 
into each pot one time. Three pots were used for each treat¬ 
ment. Following treatment daily measurements were made of 
the height of the shoots from the basal part of the first 
node to the stem tip. The average height of the 30 seedlings 
per treatment was taken as an estimate of growth rate of the 
plants. 
Growth chamber studies: 
Seeds were germinated and seedlings were grown in 
Vermiculite (200 seeds per flat) in the dark, red light or 
white light. The temperature was maintained at 26-27°C for 
0 0 
seed germination and 20-21 C for the seedling growth. White- 
light grown peas were irradiated by two 25 watt incandescent 
bulbs and 8 white fluorescent lamps. The light intensity 
was 1,000 ft-r c. Red-light grown peas were irradiated by 
one fluorescent lamp wrapped in red cellophane. The light 
Intensity was 8 ft> c. Radiation was for 14 hours per day 
in both cases. The seedlings were treated by spraying all 
the plants in each flat with 50ml of a solution of GA or 
AMO-1618. 
The heights of 10 shoots in replicate flats were measured 
daily and the average height estimated from these measurements. 
The plants thus grown were used subsequently for determinations 
of both lignin content and the activity of ohenylalanlne 
ammonia lyase. 
Lignin determlnatlon: 
The young plants harvested from the growth chamber were 
at a stage of constant growth rate (10 to 20 days from 
-21- 
germination). Ten to 30 pea stems of each treatment were used 
for lignin determination. There were three and four repli¬ 
cations for each treatment. The following two methods were 
used for lignin determinetion: 1) The method of Siegel 
(1955) *• Fresh tissue was macerated and extracted once with 
2522I of boiling water.. The residue then was extracted three 
times with boiling ethanol and once with chloroform. The 
plant residue was soaked with 72$ H2SC4 at 2'C for 15 hours 
and then the acid was diluted to 3/» snd heated in an auto¬ 
clave at 2d C and 15 lbs pressure for three hours. The 
residue was collected by filtration, dried and weighed. The 
dried material constituted the "lignin" fraction according 
to the method of Siegel. 2) The method of Armitage, 
Ashworth, and Ferguson (1948): Cne gram of finely ground 
dried material was extracted by boiling in 40ml of ethanol- 
benzene (1:2 w/w) for 2.5 hours. The residue was refluxed 
with 100ml of 5,3 KCL for one hour and then filtered. The 
residue was incubated at 38 C for 18 hours in 100ml of 
0.25^ Na2CC^ containing 100mg of trypsin. After the tryptic 
digestion, the residue was again collected by filtration and 
dissolved in 10 ml of 72* h^SO^. The acid solution was held 
for 2 hours at 15-20° C and then refluxed with 240ml of water 
for two hours (the acid was thus diluted from 72,* to 3/») 
and filtered through a tared Gooch crucible. The "lignin" 
thus purified and collected was washed with hot water, dried 
and weighed• 
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Prenaratlon and Assay of L-phenylalanlne ammonia lyase: 
Phenylalanine ammonia lyase was assayed by a modification 
of the method of Zucker (1965). Unless otherwise noted, all 
procedures were performed at O'to V C. Twenty to 40 stems 
were dehydrated by grinding two times in cold acetone in a 
Virtis homgenizer. One gram of the acetone powder was ex¬ 
tracted with 20ml of 0.1M 3orate buffer, pH 8.7, containing 
lOmg of reduced glutathione. The slurry was centrifuged at 
20,000 x g for 10 minutes to sediment the residue. The 
supernant fluid was brought to 70% saturation with solid 
ammonium sulfate. After a 10 minute equilibration period, 
the solution was centrifuged at 20,000 x g for 10 minutes. 
The precipitated protein was suspended in 3^1 of Borate 
buffer, pH 8.7 and the final volume of solution measured 
with a pipette. This crude ^reparation was used for enzyme 
assays. The standard reaction mixture for assay of the ammonia 
lyase contained 100 ^nmoles of Borate buffer, pH 8.7> 20 
^imoles of L-phenylalanlne, 0.5ml of extract and water to a 
final volume of 3*0ml. The reaction was started by the 
addition of substrate and followed by recording the Increase 
in absorption at 290m/! on a Beckman DU-2 spectrophotometer 
for a period of 12 minutes. The temperature was maintained . 
at 30°C. One unit of enzyme activity was defined as that 
amount of protein which formed one jumole of cinnamic acid 
per hour as calculated from the extinction coefficient for 
cinnamic acid at 290mp, (Zucker, 1965). 
Proteln determinations: 
Protein was estimated by the standard Biuret assay 
using a standard curve prepared from bovine albumin, (Gornall, 
1949 and Robinson and Hogden, 1940). 
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Results 
Growth rate studies: 
The inhibitory effects of light and growth retardants 
on stem elongation, or conversely, the oromotive effects of 
GA and darkness on stem elongation, are well known (Sale 
and Vince,I960, Sachs and Lang, 1961 and Kuraishi and Muir, 
1964b)* A series of experiments were conducted to establish 
the responses of the two pea cultivars selected for study in 
the present investigation to various light regimes and to 
growth regulator treatments. 
The data presented in figure lb is a summary of the 
effects of various light regimes and GA treatment on the 
growth cf dwarf peas. The white light, at 1,000 ft-c, 
caused the most Inhibition but 8 ft-c of red light was almost 
as effective as much higher intensity white light* GA 
(100 Mg/al) promoted elongation of the steins in the dark 
as well as in the light. Tt is noteworthy that the enhanced 
growth rate in response to the GA treatment was detectable 
the first day after treatment under both light and dark 
» 
conditions. 
The effect cf AKO-1618 on the growth of dwarf oeas under 
different light conditions is shown in figure 2. There was 
a detectable inhibition cf growth caused by 5° of AMO-1618 
in the dark, but the growth retardant had no detectable 
Days after treatment 
i 
Fig.lt>.. The effect of GA on the growth of dwarf peas grown under 
different light regimes. Pea seeds were germinated in the growth chamber 
at 27°for 6 days (red light & darkness) and 8 days (white light), then 
the seedlings were sprayed with lOOpg/ml of GA (50ml/200 plants) and 
grown at 21°, Each point was the average of duplicate samples, each of . 
i 
y/hich contained 10 plants# 
DK-dark, control. V. WL-white light, control. 
BX-GA-dark, treated with GA. WL-GA—--white light, treated with GA 
RL--red light, control. 
RL-GA-red light, treated with GA. 
I 
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effect on the growth of the dwarf plants under white light 
and red light conditions. Again, as in the case of GA, the 
plants responded to AMO-1618 in the dark the first day after 
treatment• 
Although AKO-1618 had no detectable effect on growth 
of dwarf oeas in light, 50 ppm of AMC-1618 did inhibit growth 
of tall peas under these conditions (Fig 3), GA at 10 M 
promoted the growth of both dwarf and tall peas, and in fact, 
caused the dwarf peas to grow at a faster rate than the tall 
peas. 
lignin studies: 
Two different methods were employed for lignin determin¬ 
ation. No method is available which yields a homogenous 
preparation of lignin and different methods all give slightly 
different results. Because of this technical limitation 
the chemical composition of lignin is not precisely known* 
In fact, the structure of lignin probably varies with the 
source. Nevertheless, it is possible to obtain reproducible 
"lignin" fractions which presumably give an estimate of the 
lignin content of the tissue. 
Siegel*s method for lignin determination was originally 
employed to study the peroxidase catalyzed polymerization of- 
eugenol in the presence of hydrogen peroxide to a product with 
properties similar to lignin. It Is a relatively simple method, 
but used on natural tissue yields more "lignin" than other 
methods. Armltage, Ashworth & Ferguson's method for lignin 
determination was used for the latter part of the present 
investigation. The method of Armltage et al is a modified 
Fig. 2. The effect of AMO-1618 on the growth of dwarf poas grown under 
. ^ 
different light regimes. Pea seeds were germinated in the growth chamber 
for 8 days at 27°, the seedlings were sprayed v/ith 50ppm Of AJ.10-1618 
one time (50ml/2OO plants) and grown at 21. Each point was the average of 
duplicate samples each of which contained 10 plants. 
EX—--dark, control. WL——white light, control. 
BK-AI'O-—-dark, treated with AMO. WL-AKO--white light, treated with AMO 
RL-red light, control. 
RL-AL'O-red light, treated with AMO. 
Fig* 3* The growth of dwarf peas and tall peas treated with AMO-1618 or GA 
Pea seeds were germinated in the green house for 10 days during summer, 
then the seedlings were treated with 50 ppm of-AMO-1613, or 10 M. of GA. 
Each point was the average of triplicate samples each of which contained 
10 plants. 
DC——dwarf, control. TC-—tall, control. 
D-GA——dwarf, treated with GA. T-GA—tall,' treated with GA, 
D-AMO——dwarf, treated with AMO. T-AMO--tall, treated with AMO. 
I 
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method for the determination of total lignin in high protein 
plant material (Norman, 1937)* The main modifications are 
the use of a simple digestion with trypsin to remove protein 
contamination in the lignin complex and the use of Gooch 
crucibles which give more accurate quantitative results. 
In a preliminary experiment, the stems of dwarf peas were 
assayed for lignin content by Siegel's method. Dwarf peas were 
grown in the green house during the summer: 8 day old seedlings 
-3 -4 -5 
were treated with 10 M, 10 M, and 10 M GA and 1, 5 ^nd 50 PPm 
v 
AMO-1618 and Phosphon-P, separately. Six days after treatment 
the plants were harvested for lignin determlnation. The 
results (Table 1) suggested that GA stimulated lignin accumul¬ 
ation. The effects of the two growth retardants on lignifi- 
cation were also examined in this experiment. AMO-16l8 and 
£hosphon-D in a concentration range of 1-50 opm had no 
conslstant effect on lignification of dwarf peas. 
Because GA appeared to promote lignifleation in the dwarf 
peas, the effects of GA on lignification in tall peas also 
was investigated. Seedlings were grown for 8 days in the 
green house and then treated with 10 M GA. Four days after 
treatment, the stems were harvested for lignin determination 
by the method of Siegel. The GA treatment almost doubled the 
growth of the tall peas but had no effect on the lignin con¬ 
tent of the stems on either a fresh weight or dry weight basis, 
(Table 2). It will be noted, however, that the lignin content 
of the GA treated and control tall peas was appreciably greater 
than that of dwarf control peas (Table l)• The results there¬ 
fore appeared to suggest that GA promoted lignin accumulation 
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in dwarf peas but had no effect on the lignin content of tall 
peas . 
The growth rate studies (FlgJLbr 2, & 3) Indicated that 
plants treated with GA or growth retardants responded to treat¬ 
ment within one day. In order to determine the relationship 
between GA-promoted growth and the aoparent GA-promoted ligni- 
fication, a time course study was conducted (Fig. 4). White 
light-grown seedlings, 8-days old, were sprayed with 100 
of GA. The young plants were used for lignin determination 
\ 
by the method of Armitage et al. The average lignin content 
of the GA-treated plants was higher than that of the controls 
at all sampling dates, and the apparent GA-promoted llgnification 
was detectable the 2nd day after treatment. The % lignin of 
both the controls and GA treated plants increased on the 3rd 
and 4th day after treatment (11 and 12 days after germination) 
then slightly decreased. On the 10th day after treatment 
(18 days from germination) there was a very pronounced increase 
in the lignin content of both the treated and control plants. 
The preliminary Investigations of the effects of GA on 
llgnification (Table 1 & 2) were repeated using the method of 
Armitage et al. Seedlings of tall and dwarf peas were grown 
for 10 days in the growth chamber and then treated with 
-4 -5 -6 
10 , 10 , and 10 M GA. After a further 9 days growth under 
white light, the stems were harvested for lignin determination. 
The tall plants were approximately twice as tall as the 
dwarf plants and contained twice as much total lignin as thu 
dwarfs (Table 3). On a fresh or dry weight basis, untreated 
31- 
5.0 
Days after treatment 
Fig. 4* Tine course of lignin accumulation in dwarf pea stems. Pea seeds 
a 
were germinated in the growth chamber for 8 days at 27, then the seedlings 
were sprayed with lOOpg/ml of GA (50ml/200 plants) one time and grown at 
0 
21 • Each point was the average of -duplicate samples each of which contained 
20-30 stems. The percentage of lignin is based on dry weight. 
, . # 
C-%-% lignin, control. C-FW-mg lignin/g fresh wt. 
* • 
C-PL--—mg lignin/plant, control. GA-FYJ-mg lignin/g fresh wt. 
treated with GA. 
GA-5$——J&lignin, treated with GA. 
GA-PL-mg lignin/plant, treated with GA. 
TableJL. The lignin content of dwarf peas treated with 
AMO-1618, phosphon-D and GA (Siegel’s method of lignin 
determination). 
Treatments 
Increase of 
height (cm) 
mg of lignin mg lignin per % lignin 
per plant g fresh wt. (based on 
Control '3.7 3.3 
dry wt.) 
2.1 1.9 
AMO-1618 
1 ppm 3.8 3.7 1.5 1.4 
5 ppm , 2.6 ^.3 2.0 1.8 
50 ppm 2.7 4.2 2.4 2.1 
Phosphon-D 
1 ppm 2.9 3.7 2.6 2.4 
5 ppm 3.3 3.3 1.9 2.0 
50 ppm 3.3 3.^ 1.7 1.7 
oa3 -5 
10 M 6.2 5.0 2.9 2.8 
-4 
10 M 13.3 5.8 3.1 2.9 
-3 
10 M 16.0 5.9 2.9 2.6 
Seeds were germinated in the green house for 8 days, then 
treated with 
-5 -4 
10 M, 10 M and 
-3 
10 M GA, or 1, 5, and 5° ppm of 
both AMO-1618 and phosohon-D, for another 6 days. The data 
are the means of duplicate samples each of which contained 
10 plants. 
-33- 
Table 2. The lignin content of tall peas treated with GA 
(Siegel’s method of lignin determination). 
Height 
Treatment (cm) 
mg lignin mg lignin/g 
per plant of fresh wt. 
% lignin 
(based on 
dry wt.) 
Control 11.7 4.0 
-4 
GA 10 M 20.2 4.6 
3.1 3.2 
3.1 3.4 
Seeds were germinated in the green house for 8 days then 
-4 -4 
treated with 10 M of GA for another 4 days. 200 ml of 10 M 
GA solution was poured directly into each pot (10 plants/pot). 
All data are the means of duplicate samples. 
tall plants had more lignin than the dwarfs. Treating with 
GA greatly promoted lignificstion in the dwarf peas, l.e., GA 
-4 —5 —6 
at concentrations of 10 K, 10 M, and 10 M promoted lignin 
accumulation by factors of ,6.5» 6 and 2, respectively and 
growth by factors of 4.5, 2.7 and 1.3* In the tall pea, in 
-4 
contrast, GA had no effect on lignin, although 10 M GA did 
promote growth slightly. 
Light, GA and AM0-1618 all affected plant growth (Fig. 
3b, 2 and 3) and GA was found to stimulate lignification of 
dwarf peas grown under white light (Table 3). Further 
experiments were conducted to establish the effects of light, 
darkness, GA and the growth retardant, AMO-1618, on lignification 
of pea plants. Dark and red light grown dwarf peas (8-days 
old) were sprayed with 100 jug/ml of GA or 50 PPm AMO-1618. 
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Table 3» The lignin content of dwarf and tall peas treated 
with different concentrations of GA, (the method of Armitage, 
Ashworth & Ferguson for lignin determination). 
Treatment 
Height mg lignin 
% lignin 
mg lignin/g (based on 
(cm) per stem fresh wt. dry wt.) 
Dwarf ?eas 
Control 
-6 
9.8+ .0? .9+.30 2.7+ .78 3.1+.07 
GA 10 n 12.6+ .04 1.9+.28 4.8+ .11 4.5+.25 
-5 
10 M 
-4 
26.9+ .20 6.1+.84 9.6+1.30 7.7+.44 
10 M 
Tall Peas 
44.3+1.07 6.4+.78 6.4+ .76 6«8+.60 
Control 
-6 
24.8+ .36 1.8+.06 3.2+ .26 4.8+.37 
GA 10 M 
3 -5 
24.2+1.50 1.6+.12 3.2+ .23 4.2+.24 
10 K 26.8+1.26 1.7+.29 2.7+ .40 4.2+.74 
-4 
10 H 36.0+ .62 2.4+.13 3.2+ .49 4.2+.55 
Seeds were germinated In growth 
-6 -5 
chambers for 10 days, 
-4 
then sprayed with 50 ml of 10 M, 10 M, and 10 M GA and 
grown for another 9 days under 1,000 ft-c white light. 
(50 ml of GA solution per pot and 10 plants per pot)• All 
data are the means of duplicated samples each of which 
contained 10 plants. The standard deviation is given. 
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Ten days later the stems were harvested for lignin determination 
by the method of Armitage et al. The results of this experiment 
are presented in Table 4. Data from the time course experiment 
(Fig. 4) are included for comparison of white light grown 
tissue to the dark and red-light grown tissues. Relative 
to the dark grown tissue, red light slightly stimulated 
lignin formation on a fresh weight but not a dry weight basis 
in the dwarf peas. The lignin content of the dwarf plants 
grown in the darkness or red light cn a fresh or dry weight 
basis was essentially unaffected by either GA or AKO-1618, 
although these two growth regulators promoted and inhibited, 
respectively, the growth of the plants. The total amount of 
lignin per plant was promoted in both the dark and red light 
by GA. In the dark, AKC-1618 inhibited growth but had little 
effect on the total lignin content of the plants. Examination 
of the data for the % lignin on a fresh or dry weight basis 
would suggest light promoted lignification in the controls. 
Actually, however, control plants grown in the dark had 2 to 
3 times more total lignin per stem than the red and white 
light grown plants. 
The effects of GA and AKO-1618 on lignification of tall 
peas grown under darkness were also Investigated (Table 5)»- 
Six-day old seedlings were sprayed with 10 M GA and 5^ ppm 
AKO-1618 separately. Ten days after treatment the stems were 
# 
harvested for lignin determination by the method of Armitage 
et al. Neither GA nor AMO-1618 had a marked effect on either 
the growth or lignification of tall peas in the dark. 
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Table 4. The lignin content of the stems of dwarf peas treated 
with GA and AMC-1618 under red light, white light, and darkness. 
Expt • Height mg lignin mg lignin/ 
No. Treatments (cm) per stem £ fresh wt /jllenin 
Dark 1 Control 15.7 .9 +.03 .57+ .06 1.5+.07 
GA 33.9 1.4+.10 .71+ .06 1.7+.13 
2 Control 20.8 . 7+. 04 .61+1.09 1.7+.14 
AKO-1618 12.3 •6+.03 .72+ .03 • 1.8+.49 
Red 
Light 
3 Control 7.4 .4+.01 .90+ .02 1.7+.03 
GA 31.3 1.0+.01 .91+ .01 2.0+.07 
AHO-1618 6.7 .3+.01 .90+ .03 1 • 6+. 04 
White 
Light 
4 Control 3.7 .3+.05 1.90+ .61 3.3±.?-6 
GA 10.4 1.1+.01 3.50+ .05 4.6+.13 
Seeds were germinated in growth chambers for 8 days. then 
sprayed with 50 nil of 100 ;ug/ml GA and 50 ml of 50 ppm Aj\tO-1618 
per 100 plants and harvested 10 days later. All data are the 
means of four samples + the standard deviations. Bach 
sample contained 30 plants* 
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alt hough 50 ppm AMO appeared to slightly increase the 
total lignin per stem. . It is also noteworthy that in this 
experiment the growth regulator had no effect on the growth 
of tall peas in the dark, in contrast to their effects in the 
light (fig* 3). 
A number of observations (Mlnaniskawa & Uritani, 1965, 
Young & Neish, 1966, and Zucker, 1965) suggested that phenyi- 
alanine ammonia lyase was a key enzyme in phenolic metabolism 
and the lignification of higher plants. Experiments were 
conducted, therefore, to determine the relation, if any, 
between the activity of phenylalanine ammonia lyase and 
lignification in pea plants, and the effects of GA, light 
and AMO-1618 on the activity of the enzyme, 
GA has been shown to promote elongation and lignification 
of dwarf pea stems. In contrast, GA typically has no effect 
on root growth, A orelimlnary experiment was conducted to 
determine the effects of GA on phenylalanine ammonia lyase 
activity in the roots and shoots of white light grown dwarf 
peas. Nine day old seedlings were sprayed with 200 jug/ml 
of GA and after a further 9 days growth the plants were 
harvested for enzyme assay. It appeared that GA did stimulate 
the activity of phenylalanine ammonia lyase in the shoots but 
' not in the roots of dwarf peas (Table 6), Furthermore, the 
• • 
activity of this enzyme on both a per plant and specific 
activity basis in GA treated stems aporoached the level of 
activity found in the roots. 
It was of interest to determine how soon after GA treatment 
the enhanced phenylalanine ammonia lyase activity could be 
-4 
Table 5. The lignin content of tall peas treated with 10 M 
GA or 5° PPsi AMO-1618, (the method of Armitage, Ashworth & 
Ferguson for lignin determination) • 
Treatments 
Height 
(cm) 
mg lignin 
per plant 
mg lignin/ 
g fresh wt 
% lignin 
(based on 
dry weight) 
Control 12.4 .26+.01 .53+.01 1.2+.03 
AMO-1618 
50 ppm 
12.7 .32+.01 .61+.06 1.3+.09 
GA -4 13.1 .28+.01 . 60 -f-. 02 1.2+.02 
10 M 
Seeds were germinated in growth chambers for 6 days 
-4 
under total darkness, then sprayed with 50 ml of 1° M GA 
and 50 ml of 5° ppm AKO-1618 and harvested 10 days later. 
All data are the means of 3 samples. . Each sample contained 
30 plants. 
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Table 6. The activity of phenylalanine ammonia lyase in the 
shoots and roots of dwarf peas. 
Enzyme Activities 
Part of 
Plants Treatments 
Unlt/g 
fresh wt. 
Unit per 
Plant 
Specific 
Activity 
Shoot Control .05 .009 .023 
GA .06 
o
 
o
 • .056 
Root Control • 05 .038 .053 
GA .05 .034 .048 
Seedlings were grown in the growth chamber under 1000 ft-c 
white light for 9 days, then sprayed with 200 ;ug/ml GA (50 
ml/200 plants) and harvested 9 days after treatment. The data 
are the averages of duplicate samnles each of which contained 
20 plants. 
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detected and therefore a time course study was conducted. 
Dwarf pea plants were grown under the same conditions as those 
of the experiment reported in figure 4. GA (100 jug/ml) slightly 
but consistently stimulated the activity of the enzyme 
throughout the course of this experiment (Table 7). This 
enhanced activity was evident on both a fresh weight and 
specific activity basis. The activity per stem Increased 
most markedly in response to OA treatment. 
In this and subsequent experiments the amount of protein 
per stem was estimated as based on the protein extracted from 
the acetone powder by the borate buffer used in preparing the 
enzyme preparation. The data reported in Table 7 shows that 
in the control tissue the amount of this borate soluble 
fraction of protein was relatively constant throughout the 
duration of the tine course experiment. The amount of the 
borate soluble protein was greater in the GA-treated tissue 
the first day after treatment and in 3 days rose to a level 
twice that of the control tissue. 
The time course study of the effects of GA on phenylalanine 
ammonia lyase activity was repeated using a higher concentration 
of GA (fig. 5). Ten-day old seedlings were sprayed with 
200 Mg/nil of GA and 2, 4, and 6'days later the plants were 
harvested for assay of phenylalanine ammonia lyase. GA markedly 
stimulated enzyme activity the 2nd day after treatment on both 
a per plant and specific activity basis. The specific activity 
of the ammonia lyase in the GA-treated tissue was slightly higher 
in this experiment using 200 ^ig/ral GA than in the preceding 
Table 7. The time course of the activity of phenylalanine 
ammonia lyase in dwarf pea stems. 
Enzyme Activity 
Days after 
Treatment 
Height 
(cm) 
Unit per g 
fresh wt. 
Unit/ 
stem 
mg protein 
per stem 
Specific 
Activity 
Control 
1 •3 .08 .008 .58 .014 
2 .6 .07 .007 .71 .010 
3 1.0 .06 .007 .51 .014 
4 1.2 .07 .009 • 51 .017 
6 1.6 .05 .006 .57 .012 
8 2.0 .07 .010 .66 .015 
10 4.5 .05 .006 .59 .011 
GA 
1 .7 .11 .013 .73 .017 
2 2.0 .10 .015 .89 .017 
3 3.1 .07 .016 1.20 .014 
4 4.3 .11 .02 6 1.20 .022 
6 6.7 .13 .039 1.47 .027 
8 8.3 .08 .024 1.35 .018 
10 10.0 .08 .026 1.22 .021 
• Seeds were germinated in growth chambers for.8 days, 
then the seedlings were sprayed with 100 )ig ml of GA (50 ml/200 
plants)• The plants were grown under 1000 ft-c white light 
and harvested at the indicated days. The data are the means of 
duplicate samples each of which contained 20 plants. 
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experiment (table 7) where 100 ug/rnl of GA was used# However, 
the increase In enzyme activity was not proportional to the 
concentration of GA. 
In order to understand more about the effects of light, 
GA and AMO-1618 on lignif i cat ion and plant growth, the 
activity of phenylalanine ammonia lyase in dwarf peas grown 
under different light regimes and subjected to different 
growth regulators was also investigated (table 8). The plants 
were grown under the same conditions as those of the experiment 
reported in table 4. Data from the 10th day of the time 
course study (table 7) are included for comparison of white 
light conditions. Relative to the dark grown tissues, red 
light slightly stimulated phenylalanine ammonia lyase activity 
on both a fresh weight and specific activity basis, although 
the plants grew to a greater height in the dark. GA stimulated 
enzyme activity only in light and was most effective on the 
white light grown plants. 
Interestingly, the protein content of the stems was 
highest in the dark grown tissue and was not affected by either 
growth regulator, although GA promoted and AMO-1618 inhibited 
stem elongation in this experiment (table 8). In.the red 
light, however, as was observed in the white light, there was 
approximately twice as much protein per stem in the GA treated 
tissue as in the controls. AMC-1618 had no appreciable effect 
on the growth or amount of protein per stem in the red light. 
Days after treatment 
Fig* 5* Time course of pher^ylalanine ammonialyase activity in dwarf pea 
stems* Pea seeds were germinated in the growth chamber in white light for 
c 
10 days at 27, then the seedlings were sprayed with 200;ag/ml of GA one time 
(50nl/200 plants)* Each point was the average of duplicate samples each of 
which contained 30 stems. 
C-PL——control, enzyme units/plant. 
C-SP-—control, specific activity. 
GA-PL-GA treatment, enzyme units/plant. 
GA-SP- GA treatment, specific activity. 
W » 
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Table 8. The activity of phenylalanine ammonia lyase In the 
stems of dv?arf peas treated with GA or AMO-1618 and grown 
under red light, white light or in darkness. 
Treatments 
Height 
(cm) 
Unit/ 
plant 
Unit/g mg orotein Specific 
frs. wt. per plant Activity 
Control 15.7 .008 .008 1.7 .005 
GA 33.9 .008 .007 1.8 .005 
DARK 
Control 20. e .007 .006 1.8 .004 
AMO-16l8 12.3 .009 .011 1.7 .005 
RED 
LIGHT Control 7.4 .005 .012 0.6 .009 
GA 31.3 .017 .015 1.2 .015 
AMO-1618 6.7 .004 .010 0.7 .006 
WHITE 
LIGHT Control 3.7 .006 .050 0.6 .011 
GA 10.4 .02 6 .080 1.2 .021 
Plants were germinated and grown under the same conditions 
as those of the experiment of Table 7. The data are the means 
of duplicate samples each of which contained 20 plants. 
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Dlscusslon 
It has long been known that light inhibits while GA 
promotes the growth of many dwarf plants. The experiments 
reported here confirm that both red and white light inhibited 
while GA promoted the growth of pea plants. 
AKO-1618 has been reported to suppress gibberellin 
production in cultures of the fungus Fusarlum monillforme 
without affecting their growth (Harada and Lang, 1965). 
Direct evidence that the production of gibberellin in higher 
plants is inhibited by AKO-1618 has been shown by Baldev, 
Lang and Agatep (1965). Therefore, the interpretations of 
the present experiments are based on the assumption that 
AKO-1618 Inhibits growth by inhibiting GA biosynthesis. It 
is also logical to assume that the growth retardant would 
be equally effective in inhibiting GA biosynthesis in the 
light and dark. 
Under the experimental conditions of this study, AMO-1618 
inhibited the growth of dwarf peas only in the dark and of 
tall peas only in the light. That AHC-1618 had no effect on 
the growth of dwarf peas in the light can be Interpreted as 
evidence that while GA promotes plant growth it is not 
absolutely necessary for growth. If the growth of the dwarf 
plants In the light was due to the presence of small amounts 
of GA, AKO should have retarded their growth, just as it did 
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the tall plants* But It did not do so and therefore It seems 
reasonable to conclude that a certain amount of growth can 
occur In the absence of GA. 
A definitive explanation of the light Inhibition 8nd G& 
promotion of plant growth cannot be given at this point. How¬ 
ever, as a working hypothesis it is postulated that light stimu¬ 
lates the formation of a compound, or compounds, which inhibits 
growth. GA is proposed to promote growth by either blocking the 
formation of this compound(s) or by nullifying its action. 
The present experiments can be Interpreted in terras of this 
postulation. In the light, plants require more GA than they do 
in the dark to overcome the effects of the light-promoted inhibitor. 
In the dwarf peas, the level of GA was not sufficient to overcome 
this inhibitor either because the dwarf pea contained less GA 
or more inhibitor. In the dark, where a lesser amount of GA 
is required, the dwarf plants grew much taller than in the light. 
AKO reduced the level of GA and thus reduced growth in the dark. 
vL 
In the tall plants, in contrast, there was sufficient GA to par¬ 
tially overcome the effects of the light-promoted inhibitor. 
The observation that exogenous GA stimulated the growth of the 
tall plants in the light indicates that the endogenous GA was not 
present in saturating quantities. AMO reduced the amount of GA 
and thus reduced growth of the tall peas in the light. In the 
dark, the tall plants had an excess of GA and thus, although AKO 
reduced the level of GA, it had no effect on growth. 
The identity of the light-promoted inhibitor of stem elong¬ 
ation Is not known. However, a number of observations suggest 
< 
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(That it may be a flavonol compound • Tt is well established 
that the formation of somo flavonols is enhanced by light 
(Furujra and Thimann, 1964, Downs and Siegilman, 1965, Furuya 
and Thomas, 1964) and, in certain cases (Furuya and Thimann, 
1964) inhibited by GA. Parups (1967) has recently reported 
inhibition of protein gynthesis by coumarin and by the flavonols, 
kaempferol and quercetin. Growth is now known to be dependent 
on protein synthesis (Key, 1964), In the present studies, 
dark grown stems contained 3-fold more protein than the stems 
of plants grown in white light. GA doubled the amount of protein 
in the stems of plants grown in white light but had no effect 
in the dark. These observations supoort in part the premise that 
8 factor is produced in the light which inhibits orotein syn- 
thesis and thus growth. However, GA oromoted and AMO inhibited 
growth in the dark although these growth regulators did not 
affect protein content in the dark. This observation argues 
against the oossibility that the amount of protein cer stem is 
strictly a function of the amount of stem. Cn the other hand, 
it also suggests that the role of GA in riant growth is more 
complex than a simple non-specific stimulation of protein syn¬ 
thesis. The controlling mechanisms of llgnlfleation may involve 
the activity of phenylalanine ammonia lyase, light and GA. 
Stafford (1967) suggested that the activity of phenylalanine 
ammonia lyase might be the controlling factor in lignification 
in Sorghum plants. The observations here that there was 
slightly more enzyme activity and 2- to 3” fold more total 
lignin per stem in the dark-grown tissue than in the light-grown 
tissue might suggest that phenylalanine ammonia lyase wa s a 
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controlling factor of lignification. Also, enzyme activity 
and the percentage of lignin were stimulated by GA in the 
light which might be interpreted as evidence that the enzyme 
controls lignification in the dwarf plants. However, the time 
course studies of the changes in lignin content and enzyme 
activity suggest that the activity of phenylalanine ammonia 
lyase was not a primary limiting factor in lignification in 
the dwarf plants. In the time course studies, there was no 
obvious correlation between enzyme activity and lignin content. 
Thus, it would appear that phenylalanine ammonia lyase is 
probably only one of the controlling factors of lignifleation 
in the dwarf peas. 
The synthesis of many phenolic compounds (some of which 
are precusors of lignin) and lignin formation are reported to 
be stimulated by light and GA. (Zucker, 1963» Kogl, 1964 & 
Parups, 1964). In the present experiments, light and GA 
did stimulate lignifleation in the dwarf plants when the results 
are expressed on a percentage basis. In contrast, the total 
lignin content per plant was higher In dark-grown plants than 
in light-grown plants. Therefore, the light effect on lig¬ 
nification still remains obscure. At least, the observation 
that light and GA had no effect on lignification of tall 
plants suggests different control mechanisms for lignification 
between these two cultivars. 
The observations that GA promoted growth the first day 
after treatment Indicate a relatively rapid response to the 
phytohormone. Any metabolic change which can only be detected 
a few days after treatment must be a secondary response. 
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Therefore, the enhanced lignlflcation observed In the GA-treated 
dwarf plants can not be a direct cause of the GA-promoted 
i 
elongation. The question remains, however, why GA promoted 
lignlfication in the dwarf but not the tall peas, although 
both cultivars responded to GA in the light. 
The observation that darkness and GA promoted stem 
elongation and lignin accumulation on a per plant basis at the 
same time can be explained in terms of the working hypothesis 
proposed above, assuming that some flavonoid compounds are 
the light-promoted inhibitors of growth. In the dark or in 
GA-treated plants, the carbon of cinnamic acid may be diverted 
from the flavonoid compounds into lignin. Perhaps the form¬ 
ation of these flavonoid compounds is promoted by light and 
Inhibited by GA. It is thus possible that light and GA may 
control the growth and lignlfication In plants by regulating 
the metabolism of cinnamic acid derivatives. 
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Summary 
A series of experiments were conducted to establish 
the growth and llgnlficatlon responses of two pea cultlvars 
(Plsum Satlvm L., cult. Improved Laxtons Progress and cult. 
Tall Telephone) to various light regimes and to growth 
regulator treatments. 
1) GA at 100 jug/ral promoted stem elongation of dwarf peas in 
the dark as well as in the light. The enhanced growth rate 
in response to the GA treatment was detectable the first day 
after treatment under both light and dark conditions. 
A MO-1618 at 5° ppm inhibited the growth of dwarf peas in the 
dark but not in the light. The inhibition caused by AMO-1618 
in the dark was also detectable the first day after treatment. 
-4 
2) GA at 10 M promoted the growth of both dwarf and tall peas 
in the light and in fact caused the dwarf peas to grow at a 
-4 
faster rate than the tall peas. GA at 10 M also increased 
the growth of dwarf peas in the dark but had no effect on the 
growth of tall peas. AKC-1618 at 50 ppm inhibited the growth 
of tall peas in the light but not in the dark. 
3) Light promoted llgnlficatlon in the controls of dwarf peas 
on a dry wt basis. Actually, however, control plants grown 
in the dark had 2 to 3 times more total lignin per stem than 
the light-grown plants. GA stimulated lignin accumulation of 
dwarf plants only in the light. The lignin content of the 
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dwarf plants In the dark on g fresh or dry wt be sis was 
essentially unaffected by either GA or AHO-1618 although 
these tv;o growth regulators promoted and Inhibited, 
respectively, the growth of the dwarf plants. 
4) Neither GA nor AMO-1618 had a detectable effect on ligni- 
ficetion of tall peas under light or dark conditions although 
10 -M GA and 50 ppm AMO promoted and inhibited, respectively, 
the growth of plants in the light. 
5) GA slightly but consistently stimulated the activity of 
phenylalanlne ammonia lyase in the stems of dwarf peas in the 
light. The enzyme activity per stem increased most markedly 
in response to GA treatment. 
6) The protein content (based on the protein extracted from 
an acetone powder by borate buffer) of the stems of dwarf 
peas was 3“fold higher In the dark-grown tissue than the 
light-grown tissue. GA promoted protein synthesis only under 
light conditions. 
V 
^52- 
LITER ATUHE CITED 
^.rmitage, E. R. & R. de. B. Ashworth & W. S. Ferguson, 1948. 
The determination of lignin in plant material of high 
protein content. J. S. C. Z. 67:241 
Baldev, B. A. Lang & A. C. Agatep, 1965. Gibberellin pro¬ 
duction in nea seeds developing in excised nods: Effect 
of growth retardent AMO-1618. Science 147:155 
Bergmann, L., 1964. Planta. 67:221 Cited from Ann. Rev. 
of Plant Physiol. 17:247, 1966 
Black, H. S. & A. M. Altschul, 1965. Gibberellin acid- 
induced lloase & ,2-amylase formation and their inhibi¬ 
tion by Aflatoxin, B, B. Res. Comm. 19:661 
Brian, P. W. & L, Hemming, 1958. Complementary action of 
Gibberellin acid and auxin in pea internode extension. 
Ann. Bot. N. S. 22:1 
Brown, S. A., 1964. Lignin and tannin biosynthesis, ed. 
by ^arborne, J. B. Biochemistry of Phenolic Com¬ 
pounds. Academic Press. 
Brown, S. A. & A. C. Nelsh, 1955b. Studies of lignin bio¬ 
synthesis using isotonic carbon. 111. Formation from 
some aromatic monomers. Canad. J. Biochem. Physiol. 
33'*948 
Brown, S. A., D. Wright & A. C. Neish, 1959. Stueies of 
lignin biosynthesis using isotonic carbon. Vll. The 
role of p-hydroxynhenylpyruvic acid. Canad. J. Bio- 
chera. Physiol. 37:25 
Cathey, H. M., 1964. Physiology of growth retarding chemicals. 
Ann. Rev. Plant Physiol. 15:271 
Cathey, H. M. & N. W. Stuart, 1961. Comparative plant 
growth-retardlng activity of AMO-1618, Phosphon & CCC. 
Bot. Gaz. 123:51 
-53- 
l Downs, R. J., ^• W. Siegelsn, W. L. Butler & S. B. Hendricks, 
1965. Photo receptive pigments for anthocyanln syn¬ 
thesis in apple skin. Mature, 205:909 
EI-Basyouni, S. Z., A. C. A>*eish & G. H. N. Towers, 1964. 
The phenolic acids in wheat. 111. ^nsoluble derivatives 
of phenolic cinnamic acids as natural intermediates in 
lignin biosynthesis. Phytochemistry 3:627 
Puruya, M. & K. V. Thlmann, 1964. The biogenesis of antho- 
cyanins: XI. Effects of gibberelllc acid in two soecies 
of Spirodela. Arch, of Bloch. Biophys. 108:109 
Furuya, M. & R# g. Thomas, 1964. Flavonoid convoounds in 
Pisum Sativum. II. Effects of red and far-red light on 
biosynthesis of kaempferol complexes and on growth of 
etiolated plumules. Plant Physiol. 39:634 
Gornall, A. G., C. J. Bardawlll & M. M. David, 1949. 
Determination of serum proteins by means of the biuret 
reaction. J. Biol. Chem., 177:751 
Gorter, C. J., 1961. Dwarfism of peas and the action of 
gibberelllc acid. Physiol Plantarum. 14:37 
Haber, A. H. & D. E. Foard, 1963. Nonessentiallity of con¬ 
current cell divisions for degree of polarization of leaf 
growth. II.' Evidence from untreated plants & from 
chemically induced changes of the degree of polarization. 
Am. J. Bot. 50:937 
^alevy, A. H. 2c H. M. Cathey, 1961. Effect of structure 
and concentration of some quaternary ammonium compounds 
on growth of cucumber seedlings. Bot. Gaz. 177:151 
Harada, H. 2c A. Lang, 1965* Effect of some (2-chlorethyl)- 
trimethyl-ammonium chloride analogus and other growth 
retardents on gibberellin biosynthesis in Fusarlum 
monlllforme. Plant Physiol. 40:176 
Higuchi, T.m 1962. Studies of lignin biosynthesis. X. 
Formation of lignin from phenylpropanoids in- tissue 
culture of white pine. Canad. J. Biochem. Physiol. 
40:31 
Higuchi, T., 1966. Role of phenylalanine deaminase 2c tyrase 
in the lignification of bamboo. Agr. Biol. Chem. 
30:667 
-5^- 
Ishikawa, H. & K. Takaichl, 1957. The formation of lignin 
in the young plants. J. Jap. Forest Soc. 39:70 
Key, J. L., 1964. Ribonucleic acid and protein svnthesis 
as essential processes for cell elongation. Plant 
Physiol. 39:365 
Knypl, J. S., 1966. Action of (2-chloroethyl) trimethyl- 
ammonium chloride, 2,4-dichlorobenzyl-tributylphosohonium 
chloride, and N-dimenthylamino-succinamic acid on TAA and 
coumarin induced growth of sunflower hyoocotyl sections. 
Acta Societatis Botanicorum Poloniae 35:6ll 
Koblitz, H., 196?. Faserforsch Textiltech 13:231 Cited 
from Ann. Rev. Plant Physiol. 17:243, 1966. 
Koblitz, H., 1964, Chemish-physiologische Untersuchungen on 
pflanzlichen Zellwanden. Flora 154:511 
Kogl, F. & J. Slema, Wirkungsbeziehungen Zwischen Indole-3- 
essigsaure. Die Naturwissenschaften 47:90 
Koukol, J. & E, E, Conn, 1961. The metabolism of aromatic 
compounds in higher plants. IV. Purification and pro¬ 
perties of the ohenylalanine deaminase of Hordeum vulgare 
J. Biol. Chem. 236:2692 
Kuc, J. & 0. E. Nelson, 1964. The metabolism of aromatic 
by the Brown-midrib mutants of Maize. Arch. Biochem. 
Biophys. 105:103 
Kuralshi, £, & R, M. Muir, 1963. Mode of action of growth 
retarding chemical. Plant Physiol. 38:19 
Kuralshi, S. & R. M. Muir, 1964a. The relationship of gibbe- 
rellin and auxin in plant growth. Plant & Cell Physiol. 
5:259 
Marth, P. C., N. H. Preston & J. W. Mitchell, 1953- Growth¬ 
controlling effects of some quaternary ammonium compounds 
on various species of plants. Bot. Gaz. 115:2^0 
McCalla, D. R. & A. C. Neish, 1959, Metabolism of ohenvloro- 
panoid oomoounds in salvia. IT. Biosynthesis of ohenolic 
cinnamic acid. Canad. J. Biochem. Physiol, 37:537 
1 
Minamlkawa, T. & I. Uritani, 1965. Phenylalanine ammcnia- 
Ivase in sliced sweet rota to roots: Effects of antibio¬ 
tics on enzyme formation and its relation to polyphenol 
biosynthesis. Agr. Biol. Chem. 29:1021 
Murakami, Y. & T. Hayashl, 1963. The physiological action 
of glbberellin. IX. Further studies on mme enzyme acti¬ 
vities in glbberellin-treated rice seedlings. 
Agr. Biol. Chem. (Tokyo) 27:35 
Nair, P. M. & L. C. Vining, 1965# Cinnamic acid hydroxylase 
in Spinach. Phytochemistry, 4:l6l 
Neish, A. C., 1961. Formation of m-and p-couznaric acids by 
enzymatic deamination of the corresponding Isomers of 
tyrosine. Phytochemistry, 1:1 
Nitsan, J. & A.. Lang, 1966. DNA synthesis in elongating non- 
dividing cells of the lentil eoicotyl and its promotion 
by gibberellin. Plant Physiol. 41:965 
Nooden, L. D. & K. V. Thimann, 1966. Action of inhibitors 
of RNA and protein synthesis on cell enlargement. 
Plant Physiol. 4l:15? 
Norman, A. G., 1937* The determination of lignin. III. Acid 
pretreatment and the effect of the presence of nitrogenous 
substances. Blochem. J. 3L:1567 
Cckerse, R. & A. W. Galston, 196?. Glbberellin-auxin inter¬ 
action in pea stem elongation. Plant Physiol. 42:47 
Paleg, L. G., I960. Physiological effects of gibberellic acid. 
I. Carbohydrate metabolism and amylase activity of barley 
endosperm. Plant Physiol. 35*293 
Paleg, L. G.-, H. Kende, H. Ninnemann, & A. Lang, 1965. Phy¬ 
siological effects of gibberellic acid: Growth retard¬ 
ants on barley endosperm. Plant Physiol. 40:165 
Parups, E. V. 1964. The effect of maleic hydrazide on syn¬ 
thesis of lignin. Canad. J. Plant Sci. 44:253 
Parups, E. V., 1967. Effect of various plant ohenols on pro¬ 
tein synthesis in excised plant tissue. Canada J. 
Blochem. 45:42? 
Ram Chandra, G. & J. E. Varner, 1965. GA-ccntrolled metabo¬ 
lism of RNA in aleurone cells of barley. 31ochem, 
Biophys. Acta 108:533 
Richmond, M. H., 1962. The effect of amino acid analogues 
on growth and protein synthesis in microorganisms. 
Bacterlol. Rev. 26:398 
Robinson, H. W., & C. G. Hogden, 1940. The biuret reaction 
in the determination of serum proteins. J. Biol. Chem. 
135:72? 
Rowsell, E. V. & L. J. Goad, 1964. Some effects of gibbe¬ 
rellic acid on wheat endosperm. Blochem. J. 90:lip 
Sachs, R. M. & A, Lang, 1961. Shoot histogenesis and the sub- 
apical meristem: The action of gibberellic acid, AMC-1 lo 
and maleic hydrazide. In:Plant Growth Regulation, R. 
Klein (ed.) p. 567 
£j>ach, R. M., C. • Bretz & A. Lang, 1959* Cell division 
and gibberellic acid, Expt. Cell Res. 18:230 
Sale, P. J. M. & Vine, I960. Effects of'light and gib¬ 
berellic acid on internode growth in Fisum sativum. 
Physiol. Plantarum 13:664 
Siegel, s. M., 1953* On the biosynthesis of lignins. 
Physiol. Plantarum 6:314 
Siegel, S. M., 1954. Studies on the biosynthesis of lignins. 
Physiol. Plantarum 7:4l 
Siegel, S. M., 1955* The biochemistry of lignin forma tion. 
Physiol. Plantarum 8:20 
Siegel, S. M., P. Frost & F. Porto, I960. Effects of IAA 
and other oxidation regulators on in vitro peroxidation 
and experimental conversion of eugenol to lignin. 
Plant Physiol. 35:163 
Smith, D. C. C., 1955* Ester groups in lignin. Nature 
176:257 
Srivastava, 3. I. S., 1964. The effect of gibberellic acid 
on ribonuclea.se and rhytase activity of germinating barley 
seeds. Canad. J. 3ot. 42:1303 
Srivastava, B. I. S. & G. Ware, 1965. The effect of kinetin 
on nucleic acids and nucleases of excised barley leaves. 
Plant Physiol. 40:62 
* 
Stafford, H. A., 1965. Factors controlling the synthesis of 
natural and induced lignins in rleum and El odea. 
Plant Physiol. 40:844 
Stafford, H. A., 1967. Biosynthesis of phenolic compounds 
in first internode of Sorghum: Lignin and related pro¬ 
ducts. Plant Physiol. 42:450 
Swain, T., I960. In "Fhenolics in Plants in Health and Disease 
ed. by J. B. Prldham p. 45 Pergamon Press. London. 
Troyer, J. R., 1964. Anthocyanin formation in excised seg¬ 
ments of buckwheat-seedling hypocotyls. Plant Fhysiol. 
39:907 
Varner, J. E., 1964. Gibberellic acid controlled synthesis 
of <2-amylase in barley endosperm. Plant Physiol. 
39:413 
Walton, D, C., 1966. Germination of Phaseolus vulgaris. II. 
Stimulation of axis growth by DL-fluorophenylalanine. 
Plant Physiol. 41:1549 
-57- 
Weinsteln, L. H., C. A. Porter & H. J. Laurencot, 1961. Cited 
from "Biochemistry of phenolic compounds" p. 359, ed. 
by Harbone, J. B. 1964. Contrib. Boyce, Thompson Inst. 
21:201 
Young, M. R. & A. C. Neish, 1966. Properties of the ammonia- 
lyases deaminating phenylalanine and related compounds 
in Triticum a.estivum and Pteridium Aquilinum. Phytoche¬ 
mistry 5:1121 
Zucker, M., 1963. The influence of light on synthesis of pro¬ 
tein and of chlorogenlc acid in potato tube tissue. 
Plant Physiol. 38:575 
Zucker, M., 1965. Induction of phenylalanine deaminase by 
light and its relation to chlorogenic acid synthesis in 
potato tuber tissue. Plant physiol. 40:779 
-58- 
ACKNOWLEDGEMENTS 
The author wishes to acknowledge the assistance of Dr. 
H. V. Marsh under whose direction this work was done. 
Appreciation is extended to Dr. A. C. Gentile and Dr. 
H. B. Gunner for their review of the manuscript and helpful 
criticism. 
Special thanks and appreciation is extended to Miss 
Martha Belt for typing the manuscript. 
Approved by: 


